SUM MAR Y Twenty-four patients with angiomas of the thoraco-lumbo-sacral region of the spinai cord, which characteristically occur in elderly men and are situated on the dorsum of the cord, were subjected to surgery after diagnosis by selective arteriography. It is suggested that in this variety of angioma the operation produced its effect by eliminating the raised pressure in the venous (Djindjian, M., 1976) .
improvement in results can only come from greater awareness of the condition leading to earlier diagnosis and operation.
The natural history of angiomas of the spinal cord with its sinister implications for cord function whereby, for example, 19% of patients develop severe disability of gait within six months of onset of symptoms, and 50% are virtually chairbound within three years, is now widely known (Aminoff and Logue, 1974a) . Surgical treatment of the condition in the hope of retarding or reversing the natural downhill trend is a relatively recent innovation. Although a good deal has been written about it the precise degree of improvement that may ensue, and whether this relates to all or only some of the neurological modalities involved, has not yet emerged, nor has the outcome with regard to permanence. Krayenbuhl et al. (1969) have made a significant contribution towards this but most of the cases in their series were not subjected to selective arteriography. More recently, the experience of Djindjian and his colleagues, with a series of 150 cases covering all varieties of cord angiomas, has clarified the influence of surgery and embolisation on them, but only as far as motor function is concerned (Djindjian, M., 1976) .
It is my purpose in this paper to analyse in greater detail the outcome of operative intervention in a consecutive series of 24 cases of spinal angiomas all delineated by selective arteriography, with regard to locomotion, sphincter function, sensation, and pain, together with an assessment of the morbidity arising from surgery and arteriography. I will also discuss the change in surgical principles brought about by the recent demonstration that some of the thoracolumbar arteriovenous malformations (AVMs) are situated extradurally and not on the spinal cord (Kendall and Logue, 1977) . The cases to be described are examples of that group of AVMs which present primarily to the neurologist and the specialised neurological department. They show the picture of progressive and relentless neurological deterioration tending towards spinal cord transection, and, in the early stages, may give rise to considerable difficulty in diagnosis. Intraspinal haemorrhage is uncommon. These lesions are virtually confined to the thoracolumbo-sacral zone, usually situated on the posterior aspect of the spinal cord, and occur mainly in elderly men. They are the easiest of all cord angiomas to treat surgically. 2 vessels in this thoracolumbar group and the course they take deviates markedly from the normal pattern. In 90% of the cases the "feeding" arterialised blood vessel is solitary and pierces the theca in the vicinity of a nerve root sleeve, but usually 2-3 mm caudal and a similar distance anterior or posterior to it. From here the vessel does not run with the nerve but takes a more transverse course to reach, in 80% of the cases, the dorsum of the cord where the characteristic tortuous thin-walled anastomosing blood vessels of varying calibre wander upwards or downwards, sometimes in both directions for a long distance. When these trunks are dissected off the spinal cord during surgery a number of small perforating vessels are seen to run from them directly into the cord substance. In a longstanding case transverse sections of the spinal cord may show the ramification within it of these small vessels and their branches which, although dilated, do not compare in size with those on the surface whose walls are unsupported in the subarachnoid space (Fig. 1) .
In some cases (one in this series) these intramedullary vessels do in fact dilate in comparable fashion to the superficial ones.
In a previous publication we suggested (Aminoff et al., 1974 ) that the commonly held view of an arterial "steal" being responsible for ischaemic Valentine Logue damage to the nerve fibres was incorrect, and a number of reasons were adduced in support of the opinion that prolonged raised venous pressure in the veins and capillaries within the substance of the spinal cord was the cause of the neurological lesion. Since then two further observations which tend to confirm this view have been made. The first derives from the study of a patient (case 21) with a myelographically proven thoraco-lumbosacral angioma. At arteriography all the blood vessels normally capable of supplying the spinal cord were delineated selectively. This revealed an angioma filling from the left lateral sacral artery and lying in the hollow of the sacrum below the level of the termination of the dural sac. This AVM provided no arterial supply to the cord but gave off a single large vessel which pierced the tip of the theca to ascend in the situation of the filum terminale to the conus medullaris and then ran on the spinal cord up to the T 5/6 vertebral level and possibly beyond (Fig. 2) . Surgical exploration demonstrated that the large vessel contained venous blood flowing in the cranial direction, and microscopical section of its wall confirmed it to be a vein (Fig. 3) .
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Many dilated vessels are seen within the cord substance. Larger vessels are visible in the anterior sulcus, to the left, and in the thickened meninges. Stein et al. (1972) and Heindel et al. (1975) .
The second observation concerns those cases with an extradurally sited AVM from which the sole communication with the cord vasculature is by means of its emergent theca-piercing and histologically proven vein. There is no connection between the intercostal artery supplying the angioma and the spinal arterial system by which any "steal" could take place.
Although the term "feeding" vessel in these cases of extrathecal AVM is a misnomer, because it is merely the arterialised vein draining away from the angioma on to the cord, it will be employed here because of long usage. The ratio of 21 men to three women shows an even greater male/female preponderance than that usually recorded for this group of cases (Table 1) . Ages ranged from 33 to 73 years with an average of 57.5 years, and the majority, 18 cases, were in the two decades 51 to 70 years.
The presentation of this type of angioma has been included in a previous description (Aminoff and Logue, 1974b) , and consists of the gradual onset of progressive and relentless deterioration of spinal function affecting all modalities, but often to a disparate degree, sometimes punctuated by episodes of worsening without any signs of intraspinal bleeding and probably caused by spontaneous thrombosis. These incidents occurred in five cases in this series, and in one patient (case 17) clotted vessels in the AVM were confirmed at operation five weeks later. Similar findings have been recorded by others (di Chiro and Wener, 1973; Djindjian, M., 1976) .
At the time of surgery every case showed motor weakness of an upper or lower motor neurone type, or both, depending on the spinal cord site, with sensory change, both superficial and deep. Sphincter disturbance, particularly affecting the bladder, occurred in all but one case. Twelve patients complained of pain.
Most of the features which tend to suggest the diagnosis of spinal cord angioma were represented among the 24 patients. These included spontaneous fluctuation in severity taking place over a period of weeks, sometimes of days, in one case of hours, involving some or all modalities; exacerbation of symptoms by walking and relief by rest mimicking intermittent claudication of the cauda equina (five cases), or by the activities of straining or of a bout of coughing. Posture was an aggravating feature in some patients such as standing or sitting up or leaning forward. One case was regularly worse in the evening and better in the morning, and one was made worse on lying down. None, however, showed the symptom of exacerbation after a heavy meal (Oliver et al., 1973) . Two patients suffered an inexplicable deterioration after treatment with ACTH, one after a single injection and the other after a course of injections.
Classification of disability
The pre-and postoperative assessment has been carried out as described previously (Aminoff and Logue, 1974b (1969) and others. This has also been my experience. The degree of success probably depended on the chance proximity of the feeding vessel to the zone of venous removal so that, after operation, the high venous pressure was restricted to a relatively short segment of the cord.
With the currently routine demonstration of the feeding vessel by arteriography the trend has been to interfere with the vessels nearer to the source of inflow. This consists of clipping the "feeder" just after its entry into the theca, either as the sole procedure or combined with "stripping" confined to a few centimetres only of the venous mass, but this latter procedure tends to aggravate posterior column disability.
Since the recognition of the epidural site of a number of these thoracolumbar AVMs (Kendall and Logue, 1977 ) the technique has again been altered. The small angioma nidus which lies extrathecally on the posterior surface of the root sleeve, and which is attached medially to the theca, is excised with the dural covering of the nerve root (preserving the latter) combined with the small adjacent segment of the theca which surrounds the entry point of the feeding vessel which is 6 group.bmj.com on October 21, 2017 -Published by http://jnnp.bmj.com/ Downloaded from clipped and divided. There is no "stripping" of the vessels on the cord, a manoeuvre which should reduce the incidence of damage to the posterior columns.
The appearance of the extradural angioma and its relationship to the "feeding" vessel on the cord is shown in Figs. 4a, b , and c, and its pathological features in Fig. 5 . POSTOPERATIVE ARTERIOGRAPHY Earlier in this series arteriography was proposed for all cases at about the third postoperative week (Aminoff, 1976) , but at present, for those extradural angiomas where complete excision has been effected under direct vision with the operating microscope, it seems unnecessary to subject the patient to the small but definite risk of a further \ Fig. 4 (a) An extradural angioma on the right T 7 root in a patient too recent to be included in the series. The rounded nidus of vessels forming the A VM on the posterior aspect of the nerve root has been lifted into view by a blunt hook placed in front of the nerve. The incised theca has been retracted over to the left with a stitch. (b) The dura mater has now been retracted to the right and a Scoville clip applied to the "feeding" vessel on the cord which is seen to be partly collapsed.
(c) The angioma has been excised with the segment of attached dura mater. Two metal clips have been applied to the intradural vessel and one to the extradural branch of supply from the -intercostal artery. . , '._,.shown in Fig. 4c Results
GAIT
The assessment of improvement or deterioration in walking ability was recorded in change of grade(s) and was based on the patient's status immediately before surgery which included any alteration resulting from the preliminary investigations (Table 3) . Fifteen patients (62.5%) showed some recovery which varied from one grade to a maximum of three grades, and four of these, all grade 2, regained normal walking ability.
Five of the seven chairbound grade 5 patients showed worthwhile improvement-two were able to walk without a stick (grade 2), one walked with one stick (grade 3), and two walked with crutches (grade 4); two remained chairbound.
However, there was no patient of grade 3 status or below who achieved normal walking ability. Seven patients were unchanged.
Two patients, cases 12 and 18, became worse, deteriorating from grades 3 and 2 to grades 5 and 4 respectively, with no alteration in bladder control. One Only five (22%) of these 23 patients improved, of whom two (cases 14 and 17) regained normal bladder control, starting from grades 2 and 3 with histories of 15 months and two weeks respectively. Among the other three cases one improved two grades, and two improved one grade each.
Fifteen patients (65%), of whom nine were grade 3, remained unchanged.
From the total of 11 grade 3 patients only two improved, one to normal and one to grade 1, their histories being the shortest recorded consisting of eight days and two weeks respectively. Disappointingly, of the six grade 1 cases with bladder dysfunction, four did not show any improvement and two worsened to grade 2.
Three patients (cases 6, 9, and 15) deteriorated, each worsening by one grade starting from grades 1, 2, and 1 respectively.
SENSATION
Although ascent or descent of the upper or lower levels of sensory involvement could be recorded fairly accurately, alteration in the quality of sensory change (particularly when comparison was made after a lapse of months or years) was difficult and tended to be unreliable, so that only unequivocal improvement was accepted for tabulation in the postoperative assessment (Table 5) .
No patient regained normal sensation, 11 showed modest improvement, in 11 the sensation was unchanged, and in two sensory loss was increased. 
IMPOTENCE
No patient who had lost potency regained it during the time of follow-up (Table 6 ).
MORTALITY AND FOLLOW-UP
There were no deaths as a direct result of surgery. One patient (case 12) died five months postoperatively from cardiac failure possibly caused by coronary thrombosis. He was one of the three patients who deteriorated after surgery and made no improvement in the five months from grade 5 gait and grade 3 sphincter status respectively. (3) improving 62.5% of cases with gait disability but only 22% of those with impaired bladder control. This latter disparity can only be partly explained by the fewer grades of sphincter dysfunction and this is emphasised by the following observations. In four patients gait returned to normal but only two regained normal bladder control, and these two were common to the former group. Of the seven patients in the lowest category of gait disturbance (grade 5) five showed worthwhile improvement compared with only two of the 11 patients in the lowest category of vesical impairment (grade 3).
Discussion
These overall results do not engender complacency. However, the series represents in the main a seriously disabled group of patients with a poor prognosis. By the time they came to investigation 12 (50%) of the 24 cases were already in the severely incapacitated groups (4 and 5) with regard to gait, and 11 (nearly 50%) were in the most disabled grade (3) of bladder dysfunction.
At the time of surgery the patients with walking disability had histories on average lasting 26 months and those with sphincter disturbance 11.3 months.
The delay in diagnosis was due to several factors. One was because the condition is uncommon (but becoming increasingly recognised), and in the early stages with nonspecific neurological symptoms differential diagnosis covered a wide field. In several cases initial symptoms were attributed to (Djindjian, M., 1976) seven were complete failures, and over the longer term analysis it was presumed in a further two of the cases that the method had been ineffective.
At the present time it would seem that embolisation using gelfoam is inferior to surgical excision as far as the thoracolumbar lesions are concerned.
Conclusions
These surgical results show that the chances of arresting further deterioration are high. However, actual improvement of any significance is mainly in motor power. Pain is helped in about two-thirds of cases but betterment in sphincter control and cutaneous sensation is small and nonexistent with regard to potency.
The essential feature in management is to arrest the progress of the condition by operation, if the patient will accept the relatively small risks, as soon as the pattern and, more importantly, the rate of deterioration becomes manifest, and well before serious disability occurs. For motor power this infers a grade no lower than 2, and for sphincter control certainly no lower than grade 1 but preferably as soon as the first bladder symptoms appear.
This degree of spinal cord dysfunction may occur in a matter of a few months (even within a few weeks) of its inception when treatment becomes a matter of urgency.
Clinical diagnosis in the earlier stages will always remain difficult, but early recourse to myelography with supine screening in a man showing a progressive thoracolumbar cord syndrome will clarify the problem. The reduced morbidity of the nonionic water-soluble contrast agents will make this decision easier.
Surgery for this type of angioma is straightforward presenting little technical difficulty, but any improvement in its results can only come about from earlier diagnosis when, in addition, the angiographic and operative morbidity might be expected to be diminished.
